Abstract -Under rotations by an angle ϑ, both the right-and left-handed Weyl spinors pick up a phase factor exp(± iϑ/2). The upper sign holds for the positive helicity spinors, while the lower sign for the negative helicity spinors. For ϑ = 2π radians this produces the famous minus sign. However, the four-component spinors are built from a direct sum of the indicated two-component spinors. The effect of the rotation by 2π radians on the eigenspinors of the parity -that is, the Dirac spinors -is the same as on Weyl spinors. It is because for these spinors the right-and left-transforming components have the same helicity [1, 2] . And the rotation induced phases, being same, factor out. But for the eigenspinors of the charge conjugation operator, i.e. Elko, the left-and right-transforming components have opposite helicities, and therefore they pick up opposite phases. As a consequence the behaviour of the eigenspinors of the charge conjugation operator is more subtle: for 0 < ϑ < 2π a self conjugate spinor becomes a linear combination of the self and antiself conjugate spinors with ϑ dependent superposition coefficients. This new effect, to the best of our knowledge, has never been reported before. The purpose of this communication is to present the unexpected result and its possible consequences for a dark matter candidate described by the mass dimension one fermions.
The eigenspinors of the charge conjugation operator known by the German acronym Elko, and also as dark spinors, serve as expansion coefficients of mass dimension one fermionic fields of spin one half [2] [3] [4] [5] [6] [7] . They have been extensively studied in cosmology, see for example [8] [9] [10] [11] [12] and [13, Section 7.1] . For more than a decade it is known that the right-and left-transforming components of Elko necessarily have opposite helicities and that they are not annihilated by the Dirac operator (γ µ p µ ± m). The former property has the further consequence that we report here, while the latter leads to mass dimension one fermions when Elko are used as an expansion coefficients of a spin one half quantum field. The new fermions also serve as first principle dark matter candidates.
To obtain the abstracted unexpected result, we need eigenspinors of the charge conjugation operator. A systematic presentation of these is given in [5] . These are denoted by λ S α (p) and λ A α (p). Under the charge conjugation operator, they have the doubly degenerate eigenvalues +1 p-1 and −1 respectively. The degeneracy index α = ±1 is related to the helicity of the Weyl spinors that enter the definition of these spinors. The symbol p refers to the linear momentum of the associated particles.
Setting up the co-ordinate system. -Understanding the new spinors vastly simplifies in the basis we have chosen for them [2] . Their right-and left-transforming components have their spin projections assigned not with respect an external z-axis but to a self referential unit vector associated with their motion: that is p. We thus find it convenient to erect an orthonormal cartesian coordinate system with p as one of its axis. With p chosen as
we introduce two more unit vectors
and impose the requirement
Requiring η + · p to vanish reduces η + to
Definition (2) then immediately yields
In the limit when both the θ and φ tend to zero, the above-defined unit vectors take the form
and orthonormal system ( η − , η + , p) does not reduce to the standard cartesian coordinate system ( x, y, z). For this reason, without destroying the orthonormality of the introduced unit vectors and guided by (6), we exploit the freedom of a rotation about the p axis (in the plane defined by η + and η − ) and introduce
The set of axes p − , p + , p do indeed form a right-handed coordinate system that reduces to the standard cartesian system in the limit both the θ and the φ tend to zero.
Establishing the spin of Elko. -We now introduce three generators of rotations about each of the three axes
J p coincides with the helicity operator h. As a check, a straightforward exercise shows that the three J ′ s satisfy the su(2) algebra needed for generators of rotation
Since the eigenspinors of the charge conjugation operator reside in the R ⊕ L representation space -with R and L standing for spin one half Weyl spaces of the right and left type -and as far as rotations are concerned both the R and L spaces are served by the same generators of rotations.
We therefore introduce
where 0 2 is a 2 × 2 null matrix. A straight forward calculation then yields the result
with the consequence that each of the λ(p) is an eigenspinor of h
The action of h − and h + is more involved, for instance 
but the action of their squares is much simpler and reads
This exercise thus establishes that h
while acting on each of the λ(p) yields
and confirms spin one half for λ(p).
For ready reference, we note the counterpart of (11) and (12) for the Dirac spinors:
The result. -The formalism developed in this communication so far immediately establishes the claim of the Abstract. For simplicity we consider a rotation by ϑ about p axis and find that a 2π rotation induces the expected minus sign for λ(p), but for a general rotation it mixes the self and antiself conjugate spinors:
and
In contrast, for the Dirac spinors we have the well-known result
where ψ ± (p µ ) stands for any one of the four u and v spinors of Dirac. It is as simple as that.
Concluding remarks. -For some reason not known to us, physicists and lay persons alike have found the appearance of a minus sign after a 2π rotation curious, and intriguing. This is understandable when the person involved is a lay person, but not for a theoretical physicist. Also for a reason not known to us, all the attention on this minus sign has gone to Dirac spinors while the full R ⊕ L representation space hosts not only these eigenspinors of the parity operator, but also those that arise as eigenspinors of other discrete symmetries. From the point of the Lorentz algebra, each representation space transforms by the action of exp (iJ · ϑ), where J is the generator of rotation for the representation space of interest. It is as simple as that. That said most remarkable discussions and ingenious experiments have spawned around this minus sign ( [14] [15] [16] [17] [18] [19] [20] ) which we now show is only part of the story. The part discovered here, taken to its logical conclusion leads to an hitherto unsuspected radiation from rotating mass dimension one fermionic clouds/objects.
2 It could reconcile the tension between expansion of the universe measured from CMB measurements and that implied by the supernova data [22] . The reason: The new effect becomes operative only when large-scale rotations first arise in the cosmic evolution. And that happens in the epoch of structure formation. A cloud containing mass dimension one fermions (taken to describe dark matter), under rotations, becomes a mixture of dark matter particles and antiparticles. These annihilate through Higgs into the standard model particles, which annihilate down to photons. These series of events add a new relativistic component to the epoch of structure formation and effects the scale factor, thus opening the possibility the tension discussed in [22] . * * * We acknowledge discussions with the Guaratinguetá group working on Elko and mass dimension one fermions at the early stages of this work. One of has (DVA) thanks Swagat Mishra for asking good questions during writing of this manuscript.
2 A dynamical effect similar to the kinematical effect discussed here arises in the vicinity of rotating astrophysical sources containing mass dimension one fermions. Its origin lies in the fact that the R-and L-transforming components of λ(p) pick up equal, but opposite, phases due to interaction with the Lense-Thirring field. It was first reported in a Gravity Research Foundation essay ( [21] ).
